In zebrafish, cranial sensory circuits form by 4 days post-fertilization. We used a forward genetic screen to identify genes involved in the formation of these circuits. In one mutant allele, sl23, axons arising from the epibranchial sensory ganglia do not form their stereotypical terminal fields in the hindbrain. These embryos also had small eyes and deformed jaws, suggesting a pleiotropic effect. Using positional cloning, a 20-nucleotide deletion in the carbamoyl-phosphate-synthetase2-aspartate-transcarbamylasedihydroorotase (cad) gene was found. Injection of a CAD morpholino phenocopied the mutant and mutants were rescued by injection of cad RNA. Cad activity is required for pyrimidine biosynthesis, and thus is a prerequisite for nucleic acid production and UDP-dependent protein glycosylation. Perturbation of nucleic acid biosynthesis can result in cell death. sl23 mutants did not exhibit elevated cell death, or gross morphological changes, in their hindbrains. To determine if defective protein glycosylation was involved in the aberrant targeting of sensory axons, we treated wild type embryos with tunicamycin, which blocks N-linked protein glycosylation. Interference with glycosylation via tunicamycin treatment mimicked the sl23 phenotype. Loss of cad reveals a critical role for protein glycosylation in cranial sensory circuit formation.
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Introduction
Survival of an organism is dependent upon the correct wiring of its neural circuits. In vertebrates, the cranial sensory circuits are vital, as they provide essential information from a wide variety of stimuli and organs, e.g., pain, touch and temperature from the head/throat, taste, blood pH and arterial pressure, and organ distension originating from thoracic and abdominal viscera. Many of the cranial nerves that carry afferent sensory information also contain efferent motor axons, and all cranial nerves contain glial elements. We have previously shown in zebrafish that sensory axon pathfinding from the epibranchial ganglia to the hindbrain involves interactions with both branchiomotor axons and peripheral glia and occurs during the first four days post-fertilization (dpf) (Cox et al., 2011) . The mechanisms underlying these cell-cell interactions are poorly understood. Very little is known about the gene networks responsible for establishing the connectivities of these circuits. However, the zebrafish offers the opportunity to identify genes involved in developmental processes, in an unbiased manner, using forward genetic screens (Driever et al., 1996) . We have taken advantage of this attribute by engineering a transgenic zebrafish line Tg(p2xr3.2:gfp) that expresses eGFP (green fluorescent protein) in nearly all peripheral sensory neurons, beginning in embryogenesis and continuing into adulthood (Kucenas et al., 2006) . The eGFP fills the cell body together with its processes, allowing for visualization of the limbs of sensory circuits as they form and are maintained in the fish. Using this line, we carried out an ethylnitrosourea-based forward screen to identify genes involved in cranial sensory circuit formation. In this paper, we describe one mutant allele, sl23, in which the terminal fields of the central projections of the facial (gVII), glossopharyngeal (gIX) and vagal (gX) ganglia do not form properly. Using positional cloning techniques, we have identified the sl23 mutation as a deletion within the gene encoding the carbamoyl-phosphate-synthetase2-aspartate trancarbamylase-dihydroorotase (Cad) enzyme, which results in a null protein. This enzyme is responsible for the rate limiting step in the pyrimidine biosynthesis pathway and is essential for the production of the UDP-sugars required for protein glycosylation (Jones, 1980) . The results presented here indicate that defective protein glycosylation plays a major role in the
